Objectives: In the current classification of epilepsies two forms of temporal lobe epilepsy (TLE) were included: mesial and lateral (neocortical) TLE. We aimed at identifying prognostic factors for the surgical outcome of lesional neocortical TLE. Methods: We included consecutive patients who had undergone presurgical evaluation including ictal video-EEG and high-resolution MRI, who had TLE due to neocortical lateral epileptogenic lesions, who had a lesionectomy and who had >2-year followup. Results: There were 29 patients who met the inclusion criteria. Twenty of them became postoperatively seizure-free. Patients' mean age was 34.8 AE 9 years (range 18-52). The age at epilepsy onset was 20.1 AE 8 years. We found that left-sided surgery ( p = 0.048) and focal cortical dysplasia (FCD) on MRI ( p = 0.005) were associated with non-seizure-free outcome, while lateralized/localized EEG seizure pattern ( p = 0.032), tumors on the MRI ( p = 0.013), and a favorable seizure situation at the 6-month postoperative evaluation were associated with 2-year postoperative seizure-freedom ( p < 0.001). Multivariate analysis indicated that the side of surgery was not an independent predictor. Conclusion: More than two-thirds of the patients with neocortical TLE became seizure-free postoperatively. Lateralized/localized EEG seizure pattern and tumors on the MRI were associated with postoperative seizure-freedom, while FCD were associated with a poor outcome. The 6-month postoperative outcome is a reliable predictor for the long-term outcome.
Introduction
Temporal lobe epilepsy (TLE) is the most common type of epilepsy requiring surgical treatment 1 and with a favorable surgical prognosis because 60-70% of patients become seizure-free after TLE surgery. 2, 3 In the current classification of epilepsies and epileptic syndromes two forms of TLE were included: mesial and lateral (neocortical) TLE. 4 Compared to mesial TLE, the clinical picture of neocortical TLE is different. The history of febrile seizures is not characteristic. [5] [6] [7] Auditory and visual auras occur more frequently than in mesial TLE. 8, 9 Seizures rarely begin with oral automatism 5 but a motionless stare 7 or motor phenomena 5, 10 are characteristic early ictal signs. Ictal dystonia 6, [10] [11] [12] occurs infrequently. Interictal and ictal EEG features can also be different from mesial TLE. 11, 13 Moreover, some studies found that the surgical outcome in neocortical TLE is less favorable than in mesial TLE, 11 but others did not find such a difference. 14, 15 Sudden epileptic death may occur more frequently in neocortical TLE than in mesial TLE. 14 The majority of patients with TLE have mesial TLE, 16 whereas neocortical TLE occurs in about 10% of all TLE cases. 15 Since mesial TLE is the most frequent TLE form, large multivariate studies investigating the surgical outcome in TLE include mostly 3, 17, 18 or exclusively 19 mesial TLE patients, whereas neocortical TLE patients make up only a small portion of these studies. 20 Because the neocortical and mesial TLE seem to be two different syndromes which require different types of surgery, it is reasonable to assume that different factors may influence the surgical outcome in them.
Determination of prognostic factors for surgery is important for counseling our patients in everyday practice. In addition, the identification of prognostic factors may improve general understanding of the pathophysiology of surgical failure and of spatial extension of the epileptogenic zone.
In the present study we aimed at identifying prognostic factors which predict the outcome 2 years after epilepsy surgery of TLE with neocortical lesions.
Methods
Presurgical evaluation at the Epilepsy Surgery Department of the Epilepsy Centre, Bethel
Since observed variables were based on presurgical evaluation of epileptic patients, our procedure is briefly described below.
In patients who were considered possible candidates for epilepsy surgery, a detailed clinical history was taken. Therapy resistance to first-line antiepileptic drugs was evaluated. High-resolution MRI was performed in all patients. MRI pictures in most patients were made by a Siemens Magnetom Impact 1.5-T scanner, and included T1-weighted threedimensional volume, protondensity, FLAIR, and T2-weighted images.
Patients underwent continuous video-EEG monitoring lasting 2-10 days. In all patients a psychiatric and a neuropsychological examination, as well as social assessment, was performed. Findings of presurgical evaluation were discussed at a multidisciplinary case conference, where decisions were made concerning the possibility and type of surgery.
Patients who underwent epilepsy surgery were re-examined 6 months and 2 years later with an assessment of the seizure outcome as well as with an evaluation of the psychiatric, neuropsychological and social status.
Our protocol is for patients to receive antiepileptic drugs (AED) for a minimum of 2 years postoperatively. The dosage and type of AED remain unchanged unless the patients report side-effects.
Patient selection
For this study we included all patients who had undergone presurgical evaluation at our center including ictal video-EEG recordings and high-resolution MRI, who were >16 years, who had temporal lobe epilepsy due to neocortical lateral epileptogenic lesions on the MRI, who had had a lesionectomy between 1993 and 2002 and who had >2-year postsurgical follow-up. Patients with mesiotemporal pathology (for example, hippocampal sclerosis) or mesiotemporal resections were not included. All the patients had a detailed clinical history, MRI and longterm video-EEG with ictal and interictal recordings. In order to lateralize the speech representation, speech-activated functional MRI or Wada test was performed in 20 patients. The technical details are described elsewhere.
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Data collection
The following group of variables were investigated: (1) age at epilepsy onset, (2) duration of epilepsy, (3) presence of secondarily generalized tonic-clonic seizures (SGTCS), (4) seizure semiology, (5) unilateral interictal epileptiform discharges (IED), (6) presence of localized/lateralized EEG seizure pattern, (7) localization and lateralization of the resection, (8) MRI-based diagnosis of the epileptogenic lesion and (9) seizure situation at the 6-month post-operative examination. The first three clinical variables were ascertained by asking the patients and (in most cases) their relatives when admitted to the presurgical unit. This history was taken by physicians blinded to the goals of this study. Patients' previous medical charts were also reviewed. The data on EEG and the seizure semiology was determined by non-invasive continuous video-EEG monitoring. A 32-64 channel EEG recording was used; electrodes were placed according to 10-10 systems, the number of electrodes and their placement varied individually taking into consideration the suspected epileptogenic region and side. The location and frequency of interictal epileptiform discharges (IED) were assessed by visual analysis of interictal EEG samples of 2-min duration every hour. Ictal EEG recordings were stored in separate files and were evaluated independently from the interictal data. Unilateral interictal epileptiform discharges were defined if at least 95% of interictal discharges appeared over one temporal lobe. We defined the seizure-pattern as localized if it appeared exclusively or predominantly over one brain region (Fig. 1 ). Lateralized seizure pattern was considered if the ictal activity appeared predominantly over one hemisphere. We defined the EEG seizure as nonlateralized if the seizure pattern showed no clear lateralization such as it appeared over both hemispheres symmetrically (Fig. 2) . 23 
Selection of variables
The above-mentioned variables were chosen according to their presumed importance in presurgical evaluation or if they were previously reported as a predictive factor for epilepsy surgery. The results of psychiatric, neuropsychological and sociological assessments were not included.
Outcome assessment
Seizure outcome was assessed at regular postoperative examinations (0.5 and 2 years after the operation). We only evaluated the seizure outcome, while the psychiatric, social and neuropsychological outcome was ignored. For this study we divided the patients into two categories: with seizure-free or non-seizure-free outcome. Patients with non-disabling auras without other seizures were considered to be seizure-free. Seizure freedom was defined if the patient was seizure-free in the period of time from the operation to the last outcome assessment, or was seizure free for !18 months prior to the outcome assessment (such as between the 6-month and 2-year postoperative evaluation).
Statistical methods
For univariate analyses of categorical variables, Fisher's exact tests were carried out. The MannWhitney U test was used for comparisons of continuous variables. To identify which variables could predict the outcome independently, we performed a multivariate stepwise logistic regression for variables demonstrating a significant effect in univariate analyses. Two-tailed error probabilities smaller than p < 0.05 were considered to be significant. 
Results
There were 29 patients who met the inclusion criteria. Twenty of them (69%) became seizure-free within 2 years after the surgery. The mean age of the patients was 34.8 AE 9 years (range 18-52). The age at epilepsy onset was 20.1 AE 8 years (range 4-39). There were 11 women and 18 men. Wada test and/or speech-activated functional MRI was performed in 20 patients (in 11 patients with right-sided and in 9 patients with left-sided epilepsy). Atypical (rightsided) speech lateralization was demonstrated in only one patient with left-sided lesion, in the remaining 19 patients the speech lateralization was left-sided. The lesionectomy was carried out on the left side in 11 and on the right side in 18 patients. Table 1 Tables 1 and 2 show the results of univariate analyses, identifying variables which were associated with the outcome at 2 years postoperatively. Leftsided surgery and focal cortical dysplasia on MRI were associated with non-seizure-free outcome, while a lateralized/localized seizure pattern on the EEG, a tumor on the MRI, and a favorable seizure situation at the 6-month postoperative evaluation were associated with 2-year postoperative seizure-freedom. The localization of the lesionectomy did not influence the outcome (Table 1) . One may speculate that due to the neighborhood of eloquent speech centers, left-sided resections can be more circumscribed and the resection more often incomplete and this might be the reason why the resection side showed an association with the outcome. However, we could not demonstrate a statistical relationship between these parameters (Table 3) .
Univariate assessment of prediction
Logistic regression analysis
In order to determine the independent predictors of outcomes at the four evaluation times, we performed forward selection analyses for those variables which were found to be significant by univariate analysis. The 6-month outcome was not included in the multivariate analysis because it is a postoperative variable and can be highly influenced by the other variables. Moreover, as no patients with focal cortical dysplasia and no patient with an absence of a lateralized/localized seizure pattern has become seizure-free, logistic regression could not be performed on these variables due to the lack of contrast, which makes it mathematically impossible to calculate the odds ratios. Considering the remaining two variables, the side of the resection and the tumor on MRI, only a tumor on the MRI showed a significant association with the outcome by multivariate analysis ( p = 0.013, OR for seizurefree outcome = 1. lesionectomy showed no independent influence on the seizure freedom.
Discussion
Two years after surgery of neocortical TLE, 69% of patients became seizure free. This corresponds well with other studies which also found that 60-79% of patients with neocortical TLE have a successful surgery. 11, 14, 15, 24 We found that left-sided surgery and focal cortical dysplasia on the MRI were associated with non-seizure-free outcome, while a lateralized/localized seizure pattern on EEG, tumors on the MRI, and a favorable seizure situation at the 6-month postoperative evaluation were associated with 2-year postoperative seizure-freedom. Multivariate analysis indicated that the side of surgery was not an independent prognostic factor.
Until now, only two studies selectively investigated the surgical prognosis of neocortical TLE. One of them focused only on the intracranial EEG results, 24 while the other focused on surgical techniques and histopathological results without using multivariate analyses. 15 Furthermore, the latter study conducted by Schramm et al. (2001) included patients in whom the minimal follow-up time was only 1 month, which is an inadequate interval in assessing the outcome and the factors which may have influence on the outcome. 15 None of these studies investigated the predictive value of the surface EEG which is one of the most important tools in predicting the outcome of epilepsy surgery. 3, 17, 20, 25, 26 Table 4 summarizes these studies. In agreement with our study, Schramm et al. (2001) also found that one of the positive predictors for surgery of neocortical TLE was the tumoral etiology. 15 Another study conducted by Hennessy et al. (2001) investigated the surgical outcome of temporal lobectomy for medically intractable epilepsy associated with focal lesions other than hippocampal sclerosis established by postoperative histology. Although they did not distinguish between mesial and lateral TLE, a standardized temporal lobectomy was performed in all patients. They also found that the presence of tumoral etiology was the best predictor for a seizure-free outcome, while focal cortical dysplasia was associated with poor surgical results. 27 Ictal EEG (contralateral seizure pattern or contralateral seizure spread) was found to be a valuable prognostic factor in surgery of mesial TLE proven for surface EEG 26 and depth recordings. 28 Jung et al. (1999) found that localized intracranial ictal EEG pattern and slow ictal spread were correlated with favorable outcome in neocortical TLE, which is in agreement with our study because we also found that a lateralized/localized seizure pattern seen on ictal scalp EEG was associated with a favorable outcome. 24 One patient who was not seizure-free at the 6-month postoperative evaluation became seizurefree by the 2-year evaluation, while for the remaining patients, the 6-month and 2-year postoperative outcomes were identical. The fact that the 6-month outcome was an excellent predictor for the 2-year outcome underscores the fact that the postoperative seizure status may not change over time as is seen in mesial TLE. 19 One of the limitations of the present study is that the relatively low number of patients resulted in limited statistical power. Thus, some infrequent clinical phenomena (for example, the posttraumatic injury, types of resection, incomplete resection) might have had no chance of reaching statistical J. Janszky et al. significance because it did not occur at a high enough frequency to reach statistical significance although it occurred more frequently in non-seizure-free patients.
In conclusion, we found that more than twothirds of patients with neocortical TLE became seizure-free 2 years after the operation. A lateralized/localized seizure pattern on the EEG and tumors on the MRI were associated with postoperative seizure-freedom, while focal cortical dysplasia on the MRI were associated with a poor surgical outcome. The 6-month postoperative outcome is a very reliable predictor for the long-term (2-year) outcome. Our study may facilitate other studies enrolling larger numbers of patients to confirm our results by investigating data of patients having epilepsy surgery due to neocortical TLE.
